Aim: To evaluate selenium (Se) and copper (Cu) concentrations in Greek and Albanian immigrant mothers and in the cord blood of their newborns. Subjects and methods: From 1118 Greek and 820 Albanian mothers and from the cord blood of their neonates blood was obtained for Se and Cu measurement. Se and Cu concentrations were determined in sera with graphite furnace atomic absorption spectroscopy (GFAAAS) and atomic absorption spectrometry, respectively. In all, 30 days' nutrient intakes were evaluated in both groups. Results: Animal protein, Se and Cu intakes were poor in the Albanians vs the Greeks (Po0.001). Se concentrations in the Greek mothers (68.378.5 mg/l) and in their newborns (37.0278.9 mg/l) were found higher as compared with those in Albanian mothers (37.479.9 mg/l) and in their newborns (34.379.1 mg/l) (Po0.001). Cu levels were also found higher (Po0.001) in the Greek mothers (16877353 mg/l) and in their neonates (449787 mg/l) compared with those in the Albanian mothers (9597318 mg/l) and in their newborns (229767 mg/l). Additionally, 31.5% of neonates born to Albanian women with Se concentrations less than 28 mg/l had higher Se levels (Po0.01) than their mothers. Conclusions: The low Se and Cu levels evaluated in the Albanian mothers and their newborns could be related to their poor animal protein intake which could be the consequence of their low socioeconomic status. As an effective preventive measure, accurate dietetic strategies to assess the requirements of pregnant immigrant women for trace elements may be planned in Greece.
Introduction
Pregnancy is a period of increased metabolic demands with changes in the woman's physiology and the requirements of a growing fetus (Black, 1989; King, 2000) . During this time, inadequate stores or intake of vitamins or minerals, referred to collectively as micronutrients, can have adverse effects on the mother, such as anemia, hypertension, complications of labor or even death. Furthermore, the fetus can be affected, resulting in a stillbirth, preterm delivery, intrauterine growth retardation, congenital malformations, reduced immunocompetence and abnormal organ developments (Agget, 1994; King, 2000) .
Selenium (Se) is a trace element of tremendous importance in human health. Its role in animal nutrition was first recognized in 1957 by Schawartz and Foltz, who demonstrated that Se deficiency led to necrotic degeneration of liver, pancreas, heart and kidney in mammals (Keshan Disease Research Group, 1979) . In humans, Se is an essential constituent of various enzymes including glutathione peroxidase, which protects against oxidative stress injury. Infants are considered to be one of the highest risk groups for Se deficiency (Varo et al, 1994; Bhaskaran, 1995; Volpe, 1995) . In the neonatal population, neuronal injury in hypoxic ischemic encephalopathy and several other diseases is believed to be caused by oxygen free radical injury (Butler et al, 1982; Varo et al, 1994) . Se levels depend upon Se content in the food ingested, which in turn depends on the Se content of the local soil (Keshan Disease Research Group, 1979; Varo et al, 1994; Bhaskaran, 1995) .
Currently, Copper (Cu) is claimed to be one of the 15 essential trace elements for the humans. Cu is a neuroactive substance, which is present in many regions of the CNS. Localized to synaptic terminals, the metal can be released by membrane depolarization, and can reach extracellular/ synaptic concentrations of 100-300 mM. Substantial evidence supports its role as modulator of both excitatory and inhibitory synaptic transmission (Horning et al, 2000) . However, Cu has also been implicated in diseases with neuropathological components, including Menke's disease, Wilson's disease and seizures. Additionally, Cu is a component of numerous metalloenzymes and cofactor for the antioxidant enzyme superoxide dismutase that is known to affect the level of norepinephrine and dopamine in the brain, as well as it is considered as an index of placental function (Dorea et al, 1987; Rossipal et al, 2000) .
Since 1991, immigrants from Albania, a north-west side country, have been moved into our country (Greece). Ethnic background is of paramount importance in studies related to ethnic and nutritional factors and disease.
Therefore, it was of interest to attempt, for the first time, to evaluate the above trace elements in Greek and Albanian neonates at term and in their mothers at delivery as no information is available on Se and Cu status in mothers at the end of their pregnancy and on their newborns in our country.
Subjects and methods
The study was performed in accordance with the Helsinski Declaration of 1964 Declaration of (as amended in 1983 Declaration of and 1989 and approved by the Greek Ethics Committee of Alexandra Maternity Hospital in Athens. Throughout a period of 24 months, 2120 serum samples were collected from the cord blood of healthy fullterm newborn infants according to the following criteria: (a) singleton live birth, (b) eutotic delivery, (c) gestational age between the beginning of the 37th week and the end of the 41st week, (d) body weight between 2500 and 4000 g. Babies with fetal distress, congenital malformations, birth trauma and birth asphyxia were excluded from the study. No member of the groups of study complained of symptoms related to Se or Cu deficiency. Of the original 2120 cord blood samples, only 1938 fulfilled the above-mentioned criteria and were studied. Data concerning Greek (N ¼ 1118) and Albanian (N ¼ 820) mothers living 5.871.2 y in Greece, their pregnancies and deliveries were obtained from the notes in the records made by obstetricians and pediatricians, according to the strict routine practice of the Department of Obstetrics and Gynecology of the 'Alexandra' Maternity Hospital of Athens University. Gestational age was determined based on the menstrual history and obstetrical findings. Both Greek and Albanian pregnant women were supplemented with iron according to their Fe and ferritin blood levels, but not with Se or Cu. Mothers with a history of smoking, drug abuse or alcohol intake; those with medical problems such as heart disease, diabetes, hypertension, etc, and those with premature or prolonged rapture of membranes were excluded from the study. As a general trend, the majority of Greek women, belonging to a medium or to an upper economic status, deliver their babies in private clinics. Alexandra Maternity Hospital, being a public institution, receives rather homogenous population of lower income.
The daily nutritional intake of each pregnant woman was evaluated by a 1-month dietary protocol written by medical students who visited the pregnant women's houses three times per week. The amounts of the daily nutrients were then calculated according to coded food list (Paul et al, 1980) .
Just before the delivery, 3.0 ml of blood was obtained from the antecubital vein of the mothers. Immediately after the delivery, 3.0 ml of umbilical cord blood was collected into polyethylene tubes. The samples, both from mothers and newborns, were centrifuged, the sera were kept at À201C and the analysis was performed within 4 days.
Analytical procedure
Serum Selenium levels were determined by graphite furnace atomic absorption spectroscopy (GFAAS) (Perkin Elmer Atomic Absorption Spectrophotometer A Analyst 800), using an Electrodeless Discharge Lamp (EDL) at 196.0 nm, with transversal heated furnace atomizer (THGA) and Zeeman effect background correction as described elsewhere (Sheehan and Halls, 1999) . The interassay variation was 3.1%. Two level controls (ClinChec-Control I and II) were used (Recipe Chemichals-Instruments, Munich, Germany). Serum copper levels were measured by using atomic absorption with interassay variation 4.1%, as also described elsewhere (Terres-Martos et al, 1997) .
Statistical analysis
Data were evaluated by analysis of variance (ANOVA) and Student's t-test using the SPSS 10.0 statistical program. Pvalues o0.05 were considered statistically significant. Owing to the explorative character of the study, a descriptive presentation of the data, based on median and range value was used for the results presented in Tables 1-3 .
Results
As shown in Table 1 , the age of mothers, their gestation (weeks), the placenta weights and the concentration of Hb in their blood and in their newborns did not differ among the studied groups. On the contrary, the mean birth-weight of Greeks was higher as compared with that of Albanians.
As presented in Table 2 , energy, carbohydrates, total fat, saturated fat and cholesterol intakes were significantly higher in the Albanian mothers as compared to those of Greeks. On the contrary, animal protein intake, which is rich in the studied metals (Paul et al, 1980) , mono-and polyunsaturated fat, as well as Se and Cu intakes were greatly reduced in the immigrant group vs the Greek group. Additionally, both Se and Cu intakes were reduced in 34.5 and 1.2% of the Albanian and Greek pregnant women, respectively. The Se intake was determined low in 33.7% of the Albanians and in 3% of the Greeks, whereas Cu intake was below RNI in 20.5% of the Albanian women and in 1.0% of the Greeks.
In Table 3 , Se serum level was found statistically significant higher in Greek mothers as compared with that of Albanian origin. Additionally, the metal level was determined statistically significant higher in the Greek and Albanian mothers as compared with those in their newborns. Interestingly, Se concentrations were evaluated higher in 3.1% of the Greek and in 31.5% of the Albanian newborns than those of their mothers in whom the trace element level was measured extremely low (o28 mg/l).
Cu concentrations in the sera of Greek mothers and their neonates were statistically significant higher as compared with those of Albanians. On the contrary, Cu level was found at the lower normal limits in the sera of Albanian mothers and statistically significant reduced in their neonates. With regards to the ratios mother/newborn of the trace element concentrations, Se ratio was significantly higher in the Greeks as compared with that of Albanians, whereas that of Cu did not differ between the two ethnic groups.
Discussion
The essential nature of micronutrients has been recognized through the identification of clinical conditions associated with severe deficiencies of particular vitamins or minerals, and through subsequent animal experiments (Agget, 1994; King, 2000) .
Se is vital to the sequestration of free radicals and the cellular antioxidant defense system (Butler et al, 1982) . The metal is well absorbed in the alimentary tract, probably by active transport; however, little is known about its absorption and transport mechanism. It is widely distributed in the body, with high concentrations in the kidney, liver and testis. Excretion mainly occurs through the kidney, although ingested Se is also exhaled by the lungs as dimethylselenide. Pregnant women have been estimated to accumulate 3.5-5 mg of Se daily. Plasma concentrations of the trace 
Note: Se serum levels were evaluated higher in 3.1and 31.5% of the Greek and Albanian newborns, respectively, as compared to those of their mothers (Po0.01) in whom the trace element serum concentrations was measured extremely low (o28 mg/l).
elements fall during pregnancy, whereas erythrocyte concentrations remained unaltered. Maternal plasma content exceeds that in the cord blood (Rossipal et al, 2000) . In this study, both Greek and Albanian mothers were well nourished as regards energy, carbohydrates, fat and total protein. Requirements for many, but not all, micronutrients increase during pregnancy. Deficiencies with potential adverse consequences for both mothers and newborns may be developed because of losses, malabsorption associated with disease or inadequate intakes, or lack of knowledge about adequate intakes for perinatal diet (Terres-Martos et al, 1997) . In Albanian mothers, Se concentration was found very low in their sera. Since Greek and Albanian mothers reside in the same area (city of Athens), it is expected that they will have equivalent source of cereals and vegetables; if locally grown the soil in Greece is reported to be rich in Se (Bratakos and Ioannou, 1989; Bratakos et al, 1990) . Maternal age, socioeconomic status and literacy influence Se status of the mothers (Gathwala et al, 2000) . Cereals are the most important sources of Se with milk, diary products and vegetables and fruits being relatively poor sources (Paul et al, 1980; Chan et al, 1998) . Cereals, being the prime food, consumed even by the poorest of mothers, might have accounted for a similar intake and similar Se levels across different socioeconomic classes. Additionally, it is reported that mothers with Hb levels o8.0 g/dl have Se serum levels significantly lower than that of mothers with higher Hb levels (Volpe, 1995; Gathwala and Vadav, 2002) . However, Hb levels did not differ among the studied groups, probably due to their Fe supplementation. This suggestion may be not enough to explain the low Se levels in the Albanian mothers. It is obvious that the reduced intake of the animal protein and especially seafood could be responsible for the low Se serum levels evaluated in the immigrants who are mostly of low socioeconomic level and do not easily adapt expensive food such as meat or seafood in their diets as we determined from their 30-day dietetic diaries.
With regards to the observed, for the first time, higher concentrations of Se in the cord blood of the one-third of the Albanian neonates as compared with those of their mothers in whom the serum levels of the trace element were determined extremely low (o28 mg/l), we suggest that this finding might show that the fetus would take precedence for this essential nutrient. The placenta acts as a very selective membrane between maternal blood and blood of the unborn baby. Compared with maternal Se concentrations, umbilical blood showed levels only 55% of Se (Rossipal et al, 2000; Gathwala & Vadav, 2002) as we found in most of Greek newborns, whereas Se serum level in Albanian mothers was so low that it reached that of Greek neonates (Figure 1 ). There are no reports to date about the levels of the trace element levels in the sera of umbilical cord under conditions when in Se concentrations in the sera of mothers are very low. Moreover, when maternal Se levels are very low, as determined in a great number of Albanian mothers (31.5%), the transplacental flow may be lower and, in this situation fetal circulating Se concentrations are maintained in preference of the fetus. Under these conditions of maternal/ fetus Se deficiency, the requirement of the fetus would take precedence and its concentration of cord blood approximates and in some case exceeds that of mothers. Additionally, the observed different behavior of Se and Cu in the deficient mothers vs their neonates might be related to their different molecular weight and or the kind of proteins that are responsible for their transport in the blood stream. These suggestions seem reasonable but need further investigation.
The normal term infant is born with a generous store of Cu in the liver making Cu deficiency a rare event. During the last several years numerous reports of Cu deficiency characterized by anemia, neutropenia and bone demineralization in both preterm and term infants have appeared. Additionally, Cu deficiency is associated with severe malnutrition, significant malabsorption and low birth weight (Widdowson, 1981) .
The cause of neonatal Cu deficiency is poorly understood. Several studies (Horning et al, 2000) were unable to induce hypocupremia in premature infants fed on a low-Cu formula for as long as 10 weeks. Serum concentration of Cu is 'low' at birth (30 mg/dl or 4.71 mmol/l) and rises rapidly to adult levels (70-140 mg/dl or 11-22 mmol/l) by 2-3 months of age. About 75 mg of elemental Cu is needed daily to meet the requirements of pregnancy and the calculated daily Cu accumulation by a fetus is 51 mg/kg body weight/24 h and at term (Gathwala and Vadav, 2002) . So, the relatively low serum Cu concentrations, which were evaluated in the Albanian mothers, in whom Cu intake was very poor, as indicated from their dietetic diaries, could be responsible for the low Cu concentrations of their infants (Vuori et al, 1980; Agget, 1994; Thomas, 2001) . Albanian immigrant mothers live under difficult low socioeconomic conditions. As a consequence, rather expensive food, which contains large amounts of Se and Cu, such as meat and fish, could not easily be part of their diet as found in this study (Table 2) . On the contrary, they consume food rich in fat that can potentially aggravate the effects of Cu low levels by further altering fetal Cu and Fe tissue stores. Reduced trace element levels may also affect the birth weight, which was found lower in the Albanian group as compared with that of Greek. In addition, it is reported (Turner et al, 2003) that Se regulation of glutathione peroxidase (GPx) activity is mediated by Se regulation of GPx mRNA and Cu deficiency has been shown to downmodulate GPx activity. It is obvious that both Se and Cu normal levels in pregnancy and neonates play an important role in their antioxidant defence system (Cohen-Kerem and Koren, 2003) .
Conclusions
Se and Cu concentrations in the sera of Greek mothers and their newborns were normal at delivery. Se and Cu levels reached the lower-normal limits in the Albanian mothers. Se level in the cord blood of the Greek newborns was statistically significant higher compared with those of Albanian origin. In 3.1% of the Greek and 31.5% of the Albanian neonates Se levels were found higher compared with those of their mothers in whom Se levels were determined very low (o28 mg/l) in their sera. The above findings in the Albanian group could be related to their low animal protein intake due to their low socioecomonic status. These findings indicate that, more accurate dietetic strategies to assess the requirements of pregnant women for trace elements might be beneficial in Greece.
